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The present disclosure provides a method for manufacturing
an energy-storage composite material. The method includes
(a) providing a solution having a carbon substrate, and
placing the solution 1n a pressure container, and a surface of
the carbon substrate having an energy-storage active pre-
cursor; (b) stirring the solution having the carbon substrate
at a first stirring speed, and venting air 1n the pressure
container at a first temperature, such that a pressure in the
pressure container reaches a first pressure and 1s maintained
for a first period of time; and (¢) introducing a fluid into the
pressure container, stirring the solution having the carbon
substrate at a second stirring speed, 1ncreasing a pressure
and a temperature in the pressure container to a second
pressure and a second temperature and maintaining for a
second period of time, and then reducing the pressure to the
atmosphere pressure to obtain an energy-storage composite
material.
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1

METHOD FOR MANUFACTURING
ENERGY-STORAGE COMPOSITE
MATERIAL

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The disclosure relates to a method for manufacturing an
energy-storage composite material.

2. Description of the Related Art

Energy storage generally refers to storing electric energy
or chemical energy 1n a specific material or substance 1n an
original or another form, for example, secondary battery
energy-storage technology. At present, an anode material of
the secondary battery, for example, a lithium-ion battery,
majorly 1s graphite, of which a theoretical capacity has
reached a development bottleneck. In addition, the graphite
may exioliate, when an interlayer distance thereof 1s large
enough, to produce graphene. A capacity ol a graphene
anode material generally 1s greater than that of the graphite.
However, the graphene 1s easy to restack to form graphite
during use, and after repeatedly charging and discharging
many times, performance ol the graphene i1s gradually
reduced to a level the same as that of the graphite.

SUMMARY OF THE DISCLOSURE

The present disclosure provides a method for manufac-
turing an energy-storage composite material. In an embodi-
ment, the method includes (a) providing a solution having a
carbon substrate, and placing the solution in a pressure
container, and a surface of the carbon substrate having an
energy-storage active precursor; (b) stirring the solution
having the carbon substrate at a first stirring speed, and
venting air from the pressure container at a first temperature,
such that a pressure 1n the pressure container reaches a first
pressure and 1s maintained for a first period of time; and (c¢)
introducing a fluid into the pressure container, stirring the
solution having the carbon substrate at a second stirring
speed, 1ncreasing a pressure and a temperature in the pres-
sure container to a second pressure and a second temperature
and maintaining for a second period of time, and then
reducing the pressure to the atmosphere pressure to obtain
an energy-storage composite materal.

By using the method for manufacturing the energy-stor-
age composite material according to the present disclosure,
a manufacturing time can be shortened, and the process 1s
simple and easy, and 1s suitable for massive production.
Moreover, by using the method for manufacturing the
energy-storage composite material according to the present
disclosure, dimensions of energy-storage active compounds
in the energy-storage composite material can be reduced,
energy-storage eiliciency can be mmproved and a high
charge/discharge rate capability can be increased. In addi-
tion, by using the method for manufacturing the energy-
storage composite material according to the present disclo-
sure, addition of a solvent or surfactant can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic flowchart of a method for manu-
facturing an energy-storage composite material according to
the present disclosure;

FIG. 2 1s an electron microscope picture of an energy-
storage composite material of Comparison Example 1;

FIG. 3 1s an electron microscope picture of an energy-
storage composite material of Comparison Example 2; and
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FIG. 4 1s an electron microscope picture of an energy-
storage composite material of Example 1.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

L1

FIG. 1 1s a schematic flowchart of a method for manu-
facturing an energy-storage composite material according to
the present disclosure. Referring to step S11, a solution
having a carbon substrate 1s provided, and the solution 1s
placed in a pressure container, and a surface of the carbon
substrate has an energy-storage active precursor. In an
embodiment, the carbon substrate 1s at least one from a
group having graphene. The solution having the carbon
substrate includes graphene sheets, metal compounds and
alcohols solution. The alcohol may be a short-chain alcohol
with a number of carbon atoms being one to three, for
example, ethyl alcohol. The metal compound may be a
compound of group IV elements or a transition metal
compound, or may be a tin-containing compound, for
example, stannous chloride. Subsequently, a suitable amount
of sodium hydroxide 1s further added into the foregoing
solution having the carbon substrate. Therefore, the surface
of the carbon substrate has an energy-storage active precur-
sor, and the energy-storage active precursor may be at least
one from a group having compounds of group IV elements
or transition metal compounds. In an embodiment, the
energy-storage active precursor 1s at least one from a group
having tin based compounds. In an embodiment, the solution
having the carbon substrate 1s stirred at the atmosphere
pressure for 30 minutes to 4 hours, such that the surface of
the carbon substrate has the energy-storage active precursor.

Referring to step S12, the solution having the carbon
substrate 1s stirred at a first stirring speed and air 1n the
pressure container 1s vented at a first temperature, such that
a pressure 1n the pressure container reaches a first pressure
and 1s maintained for a first period of time. In an embodi-
ment, the first stirring speed 1s between 10 rpm and 2000
rpm. The first pressure 1s larger than a saturated vapor
pressure of the solution having the carbon substrate, so as to
prevent the solution from being extracted. As stated in the
above embodiment, if the solution having the carbon sub-

strate 1includes graphene sheets, stannous chloride, ethyl
alcohol solution, and a suitable amount of sodium hydrox-
ide, the first pressure 1s between 0.008 MPa and 0.1 MPa.

The first temperature 1s less than a boiling point of the
solution having the carbon substrate, so as to prevent the
solution from volatilizing. The first temperature 1s between
the room temperature and 80° C. The first period of time 1s
between 1 second and 30 minutes.

Referring to step S13, a flud 1s imtroduced into the
pressure container, the solution having the carbon substrate
1s stirred at a second stirring speed, the pressure and the
temperature 1n the pressure container are increased to a
second pressure and a second temperature and are main-
tained for a second period of time, and then the pressure 1s
reduced to the atmosphere pressure to obtain an energy-
storage composite material. In an embodiment, the flud 1s
carbon dioxide, which may be compressed carbon dioxide or
liquid carbon dioxide. The second stirring speed 1s between
20 rpm and 2000 rpm. The second pressure 1s between 7
MPa and 30 MPa, that 1s, the pressure container 1s enabled
to have a supercritical carbon dioxide, and 1n the supercriti-
cal carbon dioxide environment, such that energy-storage
active compounds can be evenly filled 1n the carbon sub-
strate due to excellent penetration ability of supercritical




US 9,741,998 B2

3

carbon dioxide. The second temperature 1s between 40° C.
and 200° C. The second period of time i1s between 30
minutes and 4 hours.

By using the method for manufacturing the energy-stor-
age composite material according to the present disclosure,
a manufacturing time can be shortened, and the process is
simple and easy, and 1s suitable for massive production.
Moreover, by using the method for manufacturing the
energy-storage composite material according to the present
disclosure, dimensions of energy-storage active compounds
in the energy-storage composite material can be reduced,
energy-storage efliciency can be mmproved and a high
charge/discharge rate capability can be increased. In addi-
tion, by using the method for manufacturing the energy-
storage composite material according to the present disclo-
sure, addition of a solvent or surfactant can be reduced.

The present disclosure 1s described below 1n detail with
the following examples, but it does not mean that the present
disclosure 1s merely limited to the disclosure of these
examples.

Comparison Example 1

A solution having the carbon substrate 1s prepared. The
solution having the carbon substrate includes graphene
sheets, stannous chloride, sodium hydroxide, and a suitable
amount of ethyl alcohol solution. The solution 1s stirred at
the atmosphere pressure for 2 hours. The solution having the
carbon substrate 1s stirred at the atmosphere pressure and
55° C. for 2 hours to obtain an energy-storage composite
material of nano tin dioxide and graphene. In Comparison
Example 1, neither air 1s vented from an environment of the
solution having the carbon substrate, nor a supercritical fluid
1s mntroduced therein. In Comparison Example 1, the manu-
factured energy-storage composite material has a lithium
storage specific capacity of approximately 505 mAh/g at a
charge/discharge rate of 0.2 A/g. Referring to FIG. 2. 1t
shows that tin dioxide particles of the energy-storage com-
posite material are unevenly attached to graphene sheets.

Comparison Example 2

A solution having the carbon substrate 1s prepared. The
solution having the carbon substrate includes graphene
sheets, stannous chloride, sodium hydroxide, and a suitable
amount of ethyl alcohol solution. The solution 1s stirred at
the atmosphere pressure for 2 hours. The solution having the
carbon substrate 1s placed 1n a pressure container. Subse-
quently, a compressed carbon dioxide 1s itroduced into the
pressure container. The solution having the carbon substrate
1s stirred at a stirring speed of 450 rpm. A temperature 1n the
pressure container 1s increased to 55° C., and a pressure in
the pressure container 1s increased to 11.5 MPa, and main-
tained for 2 hours, and then reduced to the atmosphere
pressure to obtain an energy-storage composite material of
nano tin dioxide and graphene. In Comparison Example 2,
air 1s not vented from an environment of the solution having
the carbon substrate. In Comparison Example 2, the manu-
factured energy-storage composite material has a lithium
storage specific capacity of approximately 664 mAh/g at a
charge/discharge rate of 0.2 A/g, and has a lithium storage
specific capacity of approximately 203 mAh/g at a charge/
discharge rate of 6 A/g. Referring to FIG. 3, 1t shows that tin
dioxide particles of a energy-storage composite material are

evenly attached to graphene sheets.

Example 1

A solution having the carbon substrate 1s prepared. The
solution having the carbon substrate includes graphene
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4

sheets, stannous chloride, sodium hydroxide, and a suitable
amount of ethyl alcohol solution. The solution 1s stirred at
the atmosphere pressure for 2 hours. The solution having the
carbon substrate 1s placed in a pressure container. The
solution having the carbon substrate 1s stirred at a stirring
speed of 450 rpm, and air 1n the pressure container 1s vented
by using a vacuum pump. The pressure 1n the pressure
container 1s maintained at 0.06 MPa and at a room tempera-
ture for 5 minutes. Subsequently, a compressed carbon
dioxide 1s introduced 1nto the pressure container. The solu-
tion having the carbon substrate 1s stirred at a stirring speed
of 450 rpm. A temperature in the pressure container 1s
increased to 55° C., and a pressure 1n the pressure container
1s 1ncreased to 11.5 MPa, and maintained for 2 hours, and
then reduced to the atmosphere pressure to obtain an energy-
storage composite material of nano tin dioxide and gra-
phene. In Example 1, the manufactured energy-storage
composite material has a lithium storage specific capacity of
approximately 736 mAh/g at a charge/discharge rate of 0.2
A/g, and has a lithium storage specific capacity ol approxi-
mately 483 mAh/g at a charge/discharge rate of 6 A/g, and
the two capacities are both greater than the lithium storage
specific capacities of Comparison Example 1 and Compari-
son Example 2. Referring to FIG. 4, as compared with
Comparison Example 1 of FIG. 2 and Comparison Example
2 of FIG. 3, it shows that the energy-storage composite
material has smaller nano tin dioxide particles that are more
evenly attached to the graphene sheets.

Example 2

A solution having the carbon substrate 1s prepared. The
solution having the carbon substrate includes graphene
sheets, stannous chloride, sodium hydroxide, and a suitable
amount of ethyl alcohol solution. The solution 1s stirred at
the atmosphere pressure for 2 hours. The solution having the
carbon substrate 1s placed in a pressure container. The
solution having the carbon substrate 1s stirred at a stirring
speed of 450 rpm, and air 1n the pressure container 1s vented
by using a vacuum pump. The pressure 1n the pressure
container 1s maintained at 0.03 MPa and at a room tempera-
ture for 5 minutes. Subsequently, a compressed carbon
dioxide 1s introduced 1nto the pressure container. The solu-
tion having the carbon substrate 1s stirred at a stirring speed
of 450 rpm. A temperature in the pressure container 1s
increased to 55° C., and a pressure 1n the pressure container
1s 1ncreased to 11.5 MPa, and maintained for 2 hours, and
then reduced to the atmosphere pressure to obtain an energy-
storage composite material of nano tin dioxide and gra-
phene. In Example 2, the manufactured energy-storage
composite material has a lithium storage specific capacity of
approximately 655 mAh/g at a charge/discharge rate of 0.2
A/g, and has a lithium storage specific capacity ol approxi-
mately 356 mAh/g at a charge/discharge rate of 6 A/g.

While several embodiments of the present disclosure have
been 1llustrated and described, various modifications and
improvements can be made by those skilled in the art. The
embodiments of the present disclosure are therelore
described 1n an 1llustrative but not 1n a restrictive sense. It 1s
intended that the present disclosure should not be limited to
the particular forms as 1llustrated and that all modifications
which maintain the spirt and scope of the present disclosure
are within the scope defined 1n the appended claims.

What 1s claimed 1s:
1. A method for manufacturing an energy-storage com-
posite material comprising:
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(a) providing a solution having a carbon substrate, 200° C. and maintaining for a second period of time
wherein the solution having the carbon substrate com- between 30 minutes and 4 hours, and then reducing the
prises graphene sheets, metal compounds, sodium pressure to the atmosphere pressure to obtamn an
hydroxide and alcohol, and placing the solution 1n a energy-storage composite material.
pressure container, and a surface of the carbon substrate > 2. The method according to claim 1, wherein the surtace
having an energy-storage active precursor; of the carbon substrate of the energy-storage composite

material has energy-storage active precursor.
3. The method according to claim 1, wherein the metal
compound are a compound of group IV elements or a
10 transition metal compound, the alcohol 1s a short-chain
alcohol with a number of carbon atoms being one to three.
4. The method according to claim 1, wherein the solution
having the carbon substrate 1s stirred at the atmosphere
pressure for 30 minutes to 4 hours, such that the surface of
15 the carbon substrate has the energy-storage active precursor.
5. The method according to claim 1, wherein 1n the step

(b), the first pressure 1s between 0.008 MPa and 0.1 MPa.
6. The method according to claim 1, wherein 1n the step

increasing a pressure and a temperature in the pressure (b), the first temperature 1s between a room temperature and

O
container to a second pressure between 7 MPa and 30 <" 80" C.
MPa and a second temperature between 40° C. and I

(b) stirring the solution having the carbon substrate at a
first stirring speed between 10 rpm and 2000 rpm, and

venting air from the pressure container at a first tem-
perature less than a boiling point of the solution having,
the carbon substrate, such that a pressure 1n the pressure
container reaches a first pressure larger than a saturated
vapor pressure of the solution having the carbon sub-
strate and 1s maintained for a first period of time
between 1 second and 30 minutes; and

(¢) introducing carbon dioxide into the pressure container,
stirring the solution having the carbon substrate at a
second stirring speed between 20 rpm and 2000 rpm,
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